Abstract: In its current distribution and abundance, the swift fox (Vulpes velox) has been significantly reduced from its historic range. A possible cause is competition with, and predation by, coyotes (Canis latrans). We investigated the level of spatial, temporal, and dietary resource use overlap between swift foxes and coyotes at the Pinon Canyon Maneuver Site in southeastern Colorado. We captured and radio-tracked 73 foxes and 24 coyotes from April 1997 to August 1998. We collected 10 832 and 5350 locations of foxes and coyotes, respectively. Overall, home-range sizes of foxes and coyotes were 7.6 * 0.5 (mean i SE) and 19.8 * 1.9 km2, respectively. A high degree of interspecies spatial overlap was apparent, with fox home ranges being overlapped by coyote home ranges by as much as 100% and coyote sign (tracks and scats) being evident in all swift fox home ranges. There was no evidence of temporal avoidance of coyotes in fox movement patterns. Coyotes traveled significantly farther than foxes during diurnal hours; foxes spent the majority of diurnal hours in or on top of dens. Coyotes and foxes showed a high index of overlap for dietary resources, although some dietary partitioning was apparent. Swift foxes specialized in small prey, such as insects and rodents, while coyotes used greater proportions of large prey, such as lagomorphs and ungulates. Interference competition was evident, with 48% (12125) of fox mortalities identified as confirmed or probable coyote-caused deaths. In each case, death occurred outside either the fox's home range or the 85% isopleth of that range, indicating that coyotes are more likely to attack a fox successfully when it is a substantial distance from a den. We propose that swift foxes are able to coexist with coyotes, owing to year-round den use and a degree of dietary partitioning. important de l'espace utilisC et les domaines des renards Ctaient couverts par ceux des coyotes parfois i 100%; nous avons trouvC des marques de la prCsence de coyotes (pistes, fkces) dans tous les domaines des renards. Les dCplacements des renards ne permettent pas d'affirmer qu'il y a sCgrCgation temporelle des deux espkces. Les coyotes couvrent des distances significativement plus grandes que les renards durant les heures de jour, alors que les renards passent la plus grande partie des heures de jour dans ou sur leur terrier. Les ressources alimentaires des coyotes et des renards se recoupent largement, mais il se fait quand meme un certain partitionnement. Les renards s'attaquent surtout i des petites proies, insectes et rongeurs, alors que les coyotes utilisent une proportion plus grande de proies de grande taille, lagomorphes et ongulCs. I1 se fait de la comp6tition d'interfkrence puisque 48% (12125) des cas de mortalit6 observCs chez les renards ont pu 6tre attribuCs de f a~o n probable ou certaine aux coyotes. De ces mortalitCs, toutes se sont produites i l'extkrieur du domaine du renard ou au-deli de l'isoplkthe marquant les 85% du domaine, ce qui indique que les coyotes sont plus susceptibles d'attaquer un renard i une bonne distance de son terrier. Les Renards vCloces sont probablement capables de cohabiter avec les coyotes parce qu'ils utilisent leur terrier I'annCe durant et qu'il y a partitionnement des ressources alimentaires.
Introduction
. The distribution and abundance of the swift fox underwent a widespread reduction in the 19th and early The swift fox (Vulpes velox) is a small carnivore ranging 20th centuries, mainly as a result of human impact, such as historically from northern Texas to southern Canada, includhabitat modification and predator-control activities that were ing most of central North America (Banfield 1974; Egoscue intended for coyotes (Canis latrans) and wolves (Canis lupus). There is speculation that a major factor in the population dynamics of the swift fox continues to be competition with, and predation by, coyotes (Scott-Brown et al. 1987 ). An understanding of the level of resource overlap between swift foxes and coyotes will enhance our knowledge of the interactions between these species. Numerous studies have documented the limiting of the distribution and abundance of smaller carnivore species by competitively dominant carnivores. For example, red foxes (Vulpes vulpes) have restricted ranges when they are sympatric with coyotes (Voigt and Earle 1983; Sargeant et al. 1987) , and coyotes are killed by wolves and will often avoid areas of high wolf abundance (Fuller and Keith 1981; Carbyn 1987) . Frame (1986) found competition to be common among carnivores in the Serengeti ecosystem in Tanzania, noting examples of direct interference competition, cleptoparasitism, and competitive exclusion. Numerous studies have suggested that interspecific competition with larger carnivores, such as the hyena (Crocuta crocuta) and lion (Panthera leo), is a factor limiting wild dog (Lycaon pictus) density in eastern Africa (Kruuk 1972; Mills and Biggs 1993; Creel and Creel 1996) .
The extent of spatial overlap between sympatric species largely determines the potential for competition for all resources. While the extent of spatial overlap between swift foxes and coyotes has not been documented, the relationship between space use by coyotes and by other fox species has been studied. Red foxes establish home ranges outside those of coyotes, even when the coyote territory is in an area suitable as fox habitat (Voigt and Earle 1983; Harrison et al. 1989) . Conversely, Wooding (1984) found that gray fox (Urocyon cinereoargenteus) home ranges were substantially or entirely overlapped by coyote home ranges in Alabama and Mississippi. White et al. (1994) reported that coyote home ranges overlapped (both spatially and temporally) all kit fox (Vulpes macrotis) home ranges by >30%, some fox home ranges being entirely overlapped by coyote ranges.
Dietary overlap can also lead to interspecific competition. There is little documented information on dietary resource partitioning between coyotes and swift foxes. White et al. (1995) reported a high degree of dietary overlap (Horn's index = 0.85) between coyotes and kit foxes in California, although dietary specializations were apparent, with kit foxes consuming higher proportions of small prey such as rodents and birds. Coyotes ate higher proportions of large prey such as leporids and feral pigs. Similarly, Cypher and Spencer (1998) reported a high degree of overlap in the use of prey items by coyotes and kit foxes in California.
Evidence of coyote-caused fox mortalities has been reported in several studies and is generally believed to constitute interference competition as opposed to predation, owing to the lack of consumption of the fox carcass by the coyote (Sargeant and Allen 1989; Cypher and Spencer 1998; Sovada et al. 1998) . Coyotes can cause >65% of fox deaths (Cypher and Scrivner 1992; Ralls and White 1995) . Reintroduced populations of swift foxes in Canada were heavily impacted by coyotes, with coyotes being the greatest single cause of fox deaths (Carbyn et al. 1994) . Coyotes appear to be a significant cause of mortality of both adult and juvenile swift foxes at the Pinon Canyon Maneuver Site (PCMS) in southeastern Colorado Covell 1992) .
Further evidence of the impact of coyotes on swift fox populations comes from several studies in which increases in fox numbers following coyote-removal or -control programs have been reported (Kilgore 1969; Linhart and Robinson 1972; Covell 1992 , Henke 1992 .
Investigations of resource overlap and interactions between species may provide insight into the mechanisms of sympatry that are operating. These mechanisms act to decrease either exploitative competition, by resource partitioning (Schoener 1974) , or interference competition, by avoidance (Case and Gilpin 1974) , to facilitate coexistence with a dominant or predatory species. Red foxes avoid coyotes by establishing ranges that abut but do not overlap those of coyotes (Major and Sherburne 1987) . Gray foxes are able to coexist spatially with coyotes through habitat segregation and their ability to climb trees to escape from coyotes (Wooding 1984) . White et al. (1994) suggested that kit foxes are able to survive in coyote home ranges by utilizing certain prey species more efficiently than coyotes do, and by establishing a number of dens to facilitate escape. Similarly, current information on swift fox behavior indicates that den use may be an important mechanism allowing for sympatry with coyotes (South Dakota Department of Game, Fish and Parks 1998). Swift foxes use dens year-round and have been described as the most subterranean of all the North American canids (Scott-Brown et al. 1987) .
Understanding the factors presently impacting swift fox populations is essential to the development of effective management strategies and recovery efforts. A high level of resource overlap with coyotes could indicate the potential for exploitative competition (Case and Gilpin 1974; Polis et al. 1989) and, in conjunction with interference competition, could significantly impact swift fox populations (Carbyn 1986; Scott-Brown et al. 1987) . In this study, the influence of coyotes on swift fox populations is examined and the potential for exploitative competition is investigated by determining the extent of spatial, temporal, and dietary resource overlap between the two canid species. Interference competition was also documented in the form of coyote-caused fox mortalities.
Methods
The study area was located on the 1040-km2 PCMS in Las Animas County, Colorado. The climate is semi-arid, mean annual precipitation ranging between 26 and 38 cm. Mean monthly temperatures range from -1°C in January to 23°C in July. Elevations range from 1310 to 1740 m asl. The site consists of river canyons, limestone breaks, and open plains. The two main vegetation types are shortgrass prairie and pinyon pine (Pinus edulis) -juniper (Juniperus monosperma) communities (Shaw et al. 1989 ). The study area was primarily used for cattle ranching prior to 1982, during which period predator populations (mostly coyotes and swift foxes) were trapped and hunted. In 1982 the U.S. Army acquired PCMS for military activities that involves month-long mechanized training sessions 3-4 times a year. Coyote removal on PCMS was prohibited from 1983 to 1986. In 1987 and 1988, coyotes on the southwestern third of the site were controlled . Since then there has been no intensive removal, although occasional shooting of coyotes by hunters has oc-curred. Trapping and hunting of coyotes continues on the ranches surrounding the study area.
Coyotes were captured by aerial net-gunning from a helicopter (Barrett et al. 1982; Gese et al. 1987) . Each coyote was ear-tagged, aged by tooth wear (Gier 1968) , sexed, weighed, and radiocollared. Swift foxes were captured using box traps baited with chicken (Covell 1992) . Trap-enclosure systems, in which a fox den is enclosed by a fence with exits into box traps, were employed to recapture specific foxes (Covell 1992) . Each fox was sexed, aged by tooth wear and body size , ear-tagged, weighed, and radio-collared with a 30-to 50-g transmitter (Advanced Telemetry Systems, Isanti, Minn.). Transmitter mass was ~5 % of the body mass of the animal (Eberhardt et al. 1982) . Foxes were considered to be juveniles until the breeding season following their birth. All other foxes were considered to be adults. All coyotes captured were aged as >1 year old, and thus all were considered to be adults. All radio collars included a mortality sensor that activated after 6 h of no motion. All coyotes and foxes were released at the site of capture.
We attempted to locate radio-collared coyotes and foxes daily. Locations were obtained by triangulating 2-3 bearings of the animals' positions in c10 min. Triangulation angles were maintained between 20" and 160" (Gese et al. 1988a ). Animals' positions were determined using the software package Locate (Pacer, Truro, N.S.). Telemetry error was determined with reference transmitters to be 4 " . We attempted to obtain an equal number of locations in all time periods throughout the day (24 h) to reduce bias in home range size estimates (Gese et al. 1990 ). Point locations were taken at 28-h intervals and sequential locations were taken every 0.5 h. Aerial telemetry (Mech 1983 ) was employed to locate missing animals. When foxes were located in a den, the den location was recorded and marked. Foxes were considered to belong to the same social group if they used the same area and dens concurrently. Coyotes were considered to belong to the same pack if they occupied the same territory (Gese et al. 1988b) .
Sequential and point locations were used to determine homerange size (Gese et al. 1990 ) and spatial distribution. Sequential locations were also used to determine activity patterns. Home-range size and spatial overlap were determined using the Calhome homerange analysis program (Kie et al. 1996) and Arcview 3.0 (Environmental Systems Research Institute, Inc., Redlands, Calif.). Home-range sizes were calculated using the 95% adaptive kernel method (Worton 1989) . Home-range size was calculated for each individual and not for each social group, owing to changes in socialgroup composition due to mortalities and dispersal and in order to determine variation between individuals within a social group. Home-range sizes were calculated only for animals with >35 locations per season. For the purpose of analyses, we defined seasons on the basis of energetic demands (due to climatic changes and prey abundance) and behavioral characteristics (including breeding, gestation, pup rearing, and dispersal) that were applicable to both coyotes and swift foxes: pup-rearing season (15 April -14 August), dispersal season (15 August -14 December), and breedinggestation season (15 December -14 April). Unless otherwise stated, data from the pup-rearing seasons in 1997 and 1998 were combined for analysis.
We used radiotelemetry data to determine if swift fox movement patterns showed spatial-temporal avoidance of coyotes (White et al. 1994) . All sympatric pairs of coyotes and foxes (a pair consisted of one coyote and one fox) were used in the analysis. For these sympatric pairs, the average distance between the locations of the coyote and the fox taken concurrently (within a 6-h time span) was compared with the separation distance expected by chance. The separation distance expected by chance was calculated by averaging all pairs of locations taken with >6 h between locations, this being the distance expected if the coyote and the fox were moving independently of each other. Students' t test was used to compare the average distance between locations of a coyote-fox sympatric pair (the sample unit) taken concurrently (<6 h apart) with that expected by chance (distance between locations >6 h apart). Avoidance was indicated if the distance between locations taken concurrently was significantly greater than that expected by chance. This analysis was performed separately for diurnal (06:00-18:OO) and nocturnal (18:OO-06:OO) locations, to clarify the effect of den use on spatial-temporal relationships between swift foxes and coyotes. Spatial-temporal relationships of coyote-coyote pairs living in the same coyote pack and fox-fox pairs living in the same social group were analyzed for each season, using the methodology described above. As these pairs were taken from within social groups, the results are expected to show attraction within the pairs, and were used to evaluate the validity of the analysis.
Sequential tracking was used to assess the activity patterns of coyotes and foxes. The mean distance traveled per hour (km/h) was used in statistical comparisons. Distances traveled during dawn (05:OO-09:00), day (09:OO-17:00), evening (17:OO-2 1 :00), and night (21:00-05:OO) and overall (24 h) were compared between seasons for coyotes and foxes, using analysis of variance. Distances traveled during dawn, day, evening, and night and overall were compared between species, using Students' t test.
Dietary overlap between the two species was examined using scat analysis. Scats were collected monthly along transects and associated roads and in the vicinity of fox dens. Scats were ovendried for 224 h before analysis. Skeleton and hair reference collections and hair keys (Moore et al. 1974 ) were used to identify food items. The frequency of occurrence and percent volume of the different food items in each scat were recorded. Percent volume of food items was estimated visually to the nearest 5%. The frequency of occurrence of prey items was calculated by recording the presence or absence of the item in a scat. Only prey items constituting >20% of the volume were included, to minimize the likelihood of overestimating small prey (Martin et al. 1946; Weaver and Hoffman 1979) . The frequencies of occurrence of prey items were combined into 4 categories, mammal, insect, vegetation, and other, for statistical analysis. Vegetative material was counted only if it was contained within the scat. For analysis of prey-size preferences, mammal species were divided into size classes based on prey mass. Size classes included rodents (c0.5 kg), cottontail rabbits (0.5-1.5 kg), jackrabbits (1.5-4 kg), and ungulates (9 kg). Horn's similarity index (Horn 1966 ) was used to calculate dietary overlap between the species. Shannon's diversity index (Colwell and Futuyma 1971) was used to estimate the dietary diversity of the two species. Student's t test was used to compare differences in diversity between coyotes and foxes. Overall and seasonal differences in diet between the two canids were calculated using x2 analysis with Statistical Analysis Systems (SAS Institute Inc. 1988).
Mortality rates were determined using radio-collared foxes and coyotes. The location of the carcass was recorded and the site inspected for tracks and sign. The cause of death was determined via necropsy. Tooth-puncture wounds, hemorrhaging, and muscle injuries were used to identify predator-caused mortality. Seasonal and annual survival rates were estimated following Trent and Rongstad (1974) , missing individuals being censored during the season in which they went missing for seasonal survival analysis, and censored altogether for annual survival analysis, following procedures recommended by White and Garrott (1990) . The location of death of suspected and confirmed coyote-killed foxes was analyzed relative to the fox's home-range boundary by plotting all isopleths of the fox home range to the nearest 5% isopleth. The location of death of the fox was then assessed relative to these isopleths (if the location of death was inside the fox home range) and the distance to the closest known den currently in use (used in the season in which death occurred) by the fox was calculated. The average dis- tance of all telemetry locations of coyote-killed foxes to their closest known den currently in use (used by the fox in the season of location) was also calculated.
Results
Twenty-four coyotes (10 female, 14 male) from 14 packs were radio-collared during the study. Sixteen coyotes were captured in March 1997; 4 were tracked for 3-7 months and 12 until August 1998 (17 months). Eight coyotes were captured in August 1997 and tracked until August 1998 (12 months). All coyotes were residents at the time of capture and all but one remained so throughout the study. One male coyote moved from the original home range it occupied with its mate during the pup-rearing and dispersal seasons in 1997, became transient during the breeding season, and established a new resident home range in the puprearing season in 1998. Seventy-three foxes (38 female, 35 male) from 30 social groups were captured between January 1997 and August 1998. Six foxes were tracked for I 1 month, 24 for 1-6 months, 17 for 7-12 months, and 26 for 13-20 months.
Spatial relations
We obtained 5350 locations (1 184 in the pup-rearing season in 1997, 1576 in the dispersal season in 1997, 1099 in the breeding season in 1998, and 1491 in the pup-rearing season in 1998) of radio-collared coyotes from 15 April 1997 to 15 August 1998. For coyotes with sufficient numbers of points for calculating home-range size, the mean number of locations obtained per coyote each season was 83.9 + 3.3 (mean + SE). The mean seasonal home range sizes for coyotes did not differ significantly between males (18.6 + 1.5 km2) and females (16.6 & 2.6 km2) (t = 0.57, df = 20, P > 0.05). The mean home range sizes for coyotes in the pup-rearing, dispersal, and breeding seasons were 16.7 & 2.2km2 (n = 16), 17.3 + 2.2km2 (n = 20), and 17.7 k 3.1 km2 (n = 12), respectively. Coyote home range size did not vary significantly between seasons (F12, = 0.04, P > 0.05). The overall (April 1997 -August 1998) home-range size for coyotes was 19.8 + 1.9 km2 (mean + SE). Only resident coyotes were included in home range size analyses. The one male coyote that experienced a period of transiency maintained a home range of 15.0 km2 during the 1997 puprearing season, 12.0 km2 during the dispersal season, and 117.5 km2 during the breeding season, and in the 1998 puprearing season established a new home range of 14.5 km2 (Fig. 1 ). Coyotes were located in all habitat types in the study area, including river canyons, pinyon pine -juniper communities, and open plains.
We obtained 10 832 locations (2221 in the pup-rearing season in 1997, 3 190 in the dispersal season in 1997, 2454 in the breeding season in 1998, and 2967 in the pup-rearing significantly between males (5.4 * 0.4 km2) and females (5.3 2 0.5 krn2) (t = 0.11, df = 53, P > 0.05). The homerange sizes for foxes in the pup-rearing, dispersal, and breeding seasons were 5.9 + 0.5 km2 (n = 50), 7.7 * 0.6 km2 (n = 30), and 6.7 + 0.6 km2 (n = 3 I), respectively. Home-range sizes for foxes did not vary significantly between seasons (F12] = 2.18, P > 0.05). The overall (April 1997 -August 1998) home-range size for foxes was 7.6 + 0.5 km2 (mean + SE).
Foxes were only located in open-plain habitat, even though trapping efforts were conducted in pinyon pine -juniper communities.
The average overall home-range size for coyotes was significantly greater than that for foxes (t = 6.30, df = 24, P < 0.001). Swift fox home ranges were overlapped by coyote home ranges by as much as 100% (Fig. 1) . Minimum and average home-range overlaps were not calculated, owing to an inability to incorporate the home ranges of uncollared coyotes into the analysis; however, all fox home ranges were believed to be completely overlapped by coyote territories. Coyote presence was recorded in all swift fox home ranges by telemetry locations, scent post station and activity-index visits (E.R. Schauster, unpublished data), scat deposition, and coyote sightings. provided further support for this conclusion with their observation that coyotes maintained home ranges that covered all of the PCMS study area between 1983 and 1986.
Spatial-temporal relations
The spatial-temporal avoidance of coyotes in swift fox activity patterns was investigated by comparing the mean distance between coyote-fox sympatric pairs when locations were taken concurrently with that expected by chance. The choice of a 6-h interval for use in the analysis was arbitrary, but the average time difference between paired locations was less than 1 h; <20% of the paired locations were over 2 h apart. We calculated distances for 7 coyote-fox pairs in the 1997 pup-rearing season, 22 pairs in the dispersal season, 17 pairs in the breeding season, and 16 pairs in the 1998 puprearing season. Separation distances between the two canids did not differ from those expected by chance in any season, using either diurnal or nocturnal locations (Table 1) .
The spatial-temporal analysis of fox-fox pairs showed that the mean distance between pairs when locations were taken concurrently was significantly less than that expected by chance during both diurnal and nocturnal periods in all seasons ( Table 2 ). The spatial-temporal analysis of coyotecoyote pairs showed that the mean distance between pairs when locations were taken concurrently was significantly less than that expected by chance during diurnal and nocturnal periods in all seasons except the diurnal period in the breeding season (Table 3 ). These results demonstrate that the methodology had sufficient strength to show attraction between individuals in social groups.
Activity patterns and movements
The average distance traveled per hour by a coyote during a 24-h period varied significantly among seasons (FIzl = 9.42, P < 0.01), the greatest rate of movement occurring in Activity patterns differed between the two species throughout the 24-h period (Fig. 2) . Coyotes moved significantly farther per hour during the day than foxes in all seasons (pup-rearing season: t = 5.44, df = 24, P < 0.01; dispersal season: t = 5.30, df = 19, P < 0.01; breeding season: t = 7.61, df = 1 1, P < 0.01). Diurnal activity of foxes occurred mainly in the vicinity of dens. Foxes were in or on top of dens for 85.6% of diurnal locations. Foxes used 6.44 * 0.9 dens per season (the maximum number of dens used per season was 14).
COYOTE SWIFT FOX
There was no significant difference in crepuscular movements between coyotes and foxes in any season except the pup-rearing season, when coyotes traveled farther per hour (pup-rearing season: dawn, t = 3.01, df = 28, P < 0.01; evening, t = 4.74, df = 19, P < 0.01). During the dispersal season (dawn: t = 2.07, df = 8, P > 0.05; evening: t = 0.89, df = 17, P > 0.05) and breeding season (dawn: t = 1.53, df = 8, P > 0.16; evening: t = 1.35, df = 12, P > 0.05) coyotes and foxes had similar activity patterns during the crepuscular time periods. Rates of movement during the night did not differ significantly between the two species in Any season (pup-rearing season: t = 1.42, df = 29, P > 0.05; dispersal season: t = 1.98, df = 16, P > 0.05; breeding season: t = 0.06, df = 12, P > 0.05).
Dietary partitioning
We collected 659 swift fox scats and 469 coyote scats between April 1997 and August 1998. Prey items identified in both coyote and fox scats were insects (mainly Orthoptera), cottontail rabbits (Sylvilagus audubonii), black-tailed jackrabbits (Lepus califomicus), rodents, pronghorn antelope (Antilocapra americana), birds, lizards, vegetation (including grass, seeds, and juniper berries), and garbage. Rodent species evident in coyote and fox diets were ground squirrels (Spermophilus spilosoma), black-tailed prairie dogs (Cynomys There were significant differences in the frequency of occurrence of prey items consumed among seasons for both coyotes (x2 = 101.45, df = 6, P < 0.01) and swift foxes (x2 = 45.75, df = 6, P < 0.01). Mammals constituted the major part of both coyote and fox diets from October to July (Figs. 3 and 4 ). Insects were consumed in a larger volume than any other prey item during August and September by both coyotes and foxes. Vegetation (mainly juniper berries) constituted a substantial portion of the diet of coyotes from October to April.
Horn's similarity index showed that the overall dietary overlap between coyotes and swift foxes was high (Table 4) .
However, x2 tests revealed significant differences between the diets of coyotes and foxes in the pup-rearing (x2 = 39.39, df = 3, P < 0.001), dispersal (x2 = 63.10, df = 3, P < 0.001), and breeding (x2 = 103.49, df = 3, P < 0.001) seasons and overall (x2 = 109.86, df = 3, P < 0.001). A significant difference was found in the amount of mammal prey of various sizes consumed by coyotes and foxes (Fig. 4) . Coyotes consumed significantly higher proportions of larger mammals (ungulates and leporids, especially black-tailed jackrabbits) than smaller mammals (rodents) than did foxes in the puprearing (x2 = 43.79, df = 3, P < 0.001), dispersal (x2 = 23.77, df = 3, P < 0.001), and breeding (x2 = 25.57, df = 3, P < 0.001) seasons and overall (x2 = 46.19, df = 3, P < 0.001) ( Table 5) .
Dietary diversity was significantly greater for coyotes than for swift foxes in all seasons (Table 4 ) (pup-rearing season: t = 46.01, df = 380.20, P < 0.001; dispersal season: t = 30.44, df = 155.75, P < 0.001; breeding season: t = 4.49, df = 281.57, P < 0.001).
Mortality
Forty-eight percent (12125) of all fox mortalities and 80% (12115) of mortalities of known cause were confirmed or suspected of being caused by coyotes (Fig. 5) . Five male and seven female foxes were killed by coyotes. All foxes confirmed or suspected of being killed by coyotes were found dead either outside the fox's home range (95% isopleth) (6 of 11; 1 was killed before sufficient locations could be obtained for a home range to be generated) or outside the 85% isopleth of the range (5 of 1 I), using the adaptive kernel method. The location of death was 1.34 + 0.29 km (mean + SE) from the nearest currently used (used in the season of death) known den of the fox. This distance was significantly greater than the average distance of all fox locations from their nearest currently used den (0.32 * 0.004 km; mean + SE) (t = 3.66, df = 10, P < 0.005) (Fig. 6) . Because swift foxes were killed but generally not eaten by coyotes (i.e., were not prey items), we believe that coyotes were unlikely to have moved the fox carcass significantly. Thus, the locations of fox recoveries were considered to be the locations of the kills.
Seasonal survival rates for adult foxes were 0.92 (puprearing season), 0.91 (dispersal season), and 0.76 (breeding season). The annual survival rate for adult foxes (April 1997 -April 1998) was 0.64. The interval survival rates for juvenile foxes from capture date (captures occurred between 15 August and 28 November 1997) until 15 December (when they were considered adult) and until 14 April (completion of the breeding season) were 0.86 (n = 13) and 0.69 (n = 12), respectively.
The annual coyote survival rate for 1997 was 0.79. There were four mortalities (two male and two female, all resident adults): two died in the dispersal season (one was shot and one died of an unknown cause) and two died in the puprearing season (one was shot and one died of an unknown cause).
Discussion
This study demonstrated that coyotes and swift foxes exhibit high levels of resource overlap. Coyote presence was evident in the home ranges of all foxes tracked. Foxes had lower spatial requirements than coyotes, maintaining home ranges less than half the size of coyotes'. Foxes used fewer habitats than coyotes, their home ranges incorporating only open prairie, whereas coyote home ranges incorporated all habitat types in the study area, including river canyons, pinyon pine -juniper communities, and open plains.
In addition to the high degree of spatial overlap, we found no evidence of spatial-temporal avoidance of coyotes in foxes' movement patterns. Nocturnal and diurnal locations were analyzed separately to avoid the possibility that den use biased the analysis, that is, foxes entering dens to avoid coyotes rather than to move away from them. However, we found no evidence of spatial-temporal avoidance at any time during the day or night. If avoidance of coyotes is indeed absent from swift fox movement patterns, the potential for interference competition between the two species is increased. It is important to note the possibility, however, that spatialtemporal avoidance of coyotes may be occurring at a finer spatial or temporal scale than that at which the analysis could detect. For example, a fox may move away from a coyote only a short distance or for only a short period of time to avoid an interaction with it.
Coyote-caused mortalities constituted at least 48% of fox deaths, indicating that interference competition was indeed 
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occurring. We believe that coyote-caused mortalities occurred according to the season. Seasonal changes, and correspondas a result of interference competition rather than predation because, although occasional caching of fox carcasses was evident, the majority of carcasses were intact. This has been reported in studies of kit foxes (Disney and Spiegel 1992; Cypher and Spencer 1998) , although Ralls and White (1995) found that coyotes on the Carrizo Plain Natural Area, California, fed on more than half of the kit foxes killed. High levels of coyote-caused mortalities have been reported in studies of swift fox and other fox species (Major and Sherburne 1987; Scott-Brown et al. 1987; Cove11 1992; Carbyn et al. 1994; Cypher and Spencer 1998) , although information on the significance of this mortality in regulating fox populations is scarce. White and Garrott (1997) analyzed the influence of coyote-caused mortalities on the population dynamics of kit foxes, using data from a number of studies. White and Garrott (1997) reported that the proportio~ of a fox population killed by coyotes increased linearly with fox density when fox densities were at low to moderate levels (insufficient data prohibited analysis at high fox densities), and thus coyote predation may be a major factor in population regulation. Further research (e.g., removal studies) is necessary to ascertain the impact of coyote-caused mortality on swift fox populations.
Coyotes and swift foxes also showed high indices of overlap of dietary resources. The two species utilized the same .prey items and varied the proportion of prey items consumed ing changes in prey abundance and availability of specific vegetation, have been shown to be significant factors determining coyote diets (Bowyer et al. 1983; Andelt et al. 1987) . Similarly, evidence from studies reporting swift foxes as opportunistic feeders indicates that prey abundance is an important factor in swift fox prey use (Kilgore 1969; ScottBrown et al. 1987) . Mammals were the primary prey item for both swift foxes and coyotes from November to July, and insects constituted the highest proportion of prey items in the diets of both species during August and September, when insects were at peak abundance.
Although the prey items utilized by coyotes and foxes were similar, the order of importance of these items in the diets of the two species differed. There was a significant difference between coyote and swift fox diets in all seasons, with each species exhibiting dietary specializations specific to the species. Juniper berries constituted a large portion of coyote diets during periods of availability (October-February) but were scarcely used by swift foxes. Because swift foxes avoid woodland habitat, juniper berries are not available to them as a food source. Swift foxes consumed higher proportions of insects (mainly Orthoptera) throughout the year. By comparing the proportions of different-sized mammals consumed, we found that compared with swift foxes, coyotes ate significantly more larger mammals (ungulates and leporids) than smaller mammals (rodents). It has been docu- 
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mented that coyotes also use larger prey items than other fox species Cypher and Spencer 1998) . This specialization in certain prey items likely reflects differences in body size, predatory ability, and energy needs between coyotes and swift foxes similar to those reported in studies of coyotes and other fox species (Major and Sherburne 1987; White et al. 1995) .
The similarity of prey items utilized by coyotes and swift foxes indicates a potential for exploitative competition, although the specializations particular to each species and the seasonal differences observed for each canid indicate that the intensity of exploitative competition acting in the canid community may vary temporally. Indices of dietary overlap were lowest in the dispersal and breeding seasons, when coyotes consumed high proportions of juniper berries. When juniper berries were unavailable, the overlap increased. Temporal variations in overlap of other resources, as well as in behavior, may also affect the potential for competition between the species. For example, both species traveled greater distances in the breeding season than in any other season (also reported for the swift fox by Hines and Case 1991) , increasing the potential for interference competition. This is supported by the fact that 58% (7112) of coyote-caused mortalities occurred in the breeding season. Thus, seasonal changes in resource overlap and behavior can result in variation in the potential for both interference and exploitative competition between the two canid species. The impact of a certain level of competition on a subdominant species can also vary. It has been hypothesized that the severity of the impact of coyotes on fox populations may be correlated with the status of the fox population . The impact may be greater during periods of low prey abundance or low reproduction rate in the fox population . Decreases in prey abundance can result in an increase in exploitative competition. In addition, prey scarcity may lead to an increased occurrence of interspecific interactions, and thus interference competition, owing to the increased rate of movement necessary for prey acquisition. Changes in resource availability can also influence the extent of competitive efficiency of one species over another. The greater dietary diversity of coyotes may increase their competitive advantage at times of low prey abundances. Coyotes had significantly larger home ranges than swift foxes in our study area and occupied home ranges that incorporated multiple habitat types, including river canyons, pinyon pine -juniper communities, and open plains. Coyotes are known to select habitats temporally, in accordance with prey densities (Murray et al. 1994) , and in many areas will utilize human food sources (Todd 1985) . Swift foxes exhibit less dietary diversity than coyotes and are more limited in their use of space and habitat, therefore they may be more affected by periods of low prey abundance.
Sympatric predators often share habitat and food resources in a similar manner to the two canid species in this study. Mechanisms that allow for sympatry in carnivores are complex and varied. Differences in size and physiological needs can allow predator species to coexist in the same area (Rosenzweig 1966) . Various behavioral strategies can also be employed by species to facilitate coexistence with a dominant or predatory species. Strategies employed by subdominant species include predator avoidance, habitat-use partitioning, and prey-use partitioning. Frame (1986) proposed behavioral flexibility, such as the ability of leopards (Panthera pardus) to avoid cleptoparasitism by carrying food into trees, as the mechanism responsible for reducing competition among carnivores on the Serengeti Plains in Tanzania. In the same area, cheetahs (Acinonyx jubatus) are able to utilize areas with low prey density, allowing them to avoid the competitively dominant lions and hyenas in both time and space (Durant 1998) . Thurber et al. (1992) reported a high degree of spatial overlap between coyotes and wolves on the Kenai Peninsula, Alaska, and proposed dietary partitioning as the mechanism that allows spatial sympatry between these two canids. Red foxes reduce competitive interactions with coyotes by spatial avoidance (Major and Sherburne 1987 ), but in doing so limit the resources available to them.
We found that swift foxes did not avoid coyote home ranges and were able to cohabit spatially with coyotes. We propose that the main strategies used by swift foxes are similar to those used by kit foxes (White et al. 1994) : den use and some dietary partitioning. Den use was substantial, with foxes spending most diurnal hours in or on top of dens. The fact that all foxes confirmed or suspected of being killed by coyotes were located outside the 85% isopleth of the fox range and a substantial distance from their dens indicate that coyotes are more likely to attack a fox successfully when the fox is outside its denning area. This is further supported by the finding that locations of foxes were, on average, significantly closer to a den than the positions of coyote-killed foxes. Location of coyote-killed foxes on the boundary or outside the fox home range has also been documented for swift foxes in Kansas (Sovada et al. 1998 ). Species-specific dietary specializations were evident in all seasons and may also be an important mechanism allowing foxes to cohabit with coyotes. These mechanisms are effective in allowing established swift fox populations, such as the one in this study, to persist in sympatry with coyotes. However, with interference competition acting in conjunction with exploitative competition, coyotes could have a significant impact on swift fox populations that are declining or reestablishing.
